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(54) Variable displacement compressors 

(57) A variable displacement compressor 10 in- 
cludes return springs 9 and 19 that press a swash plate 
11 in the axial direction of a drive shaft 8. One end of 
the return spring 1 9 is fastened to the swash plate 11 , 
and the other end is fastened to a ring-like (toric) receiv- 



ing plate 1 9a through which the drive shaft 8 is inserted. 
When the swash plate 11 rotates, the return spring 19 
and the receiving plate 1 9a rotate in synchronism with 
the swash plate 1.1 , and the receiving plate 19a slides 
in contact with a contact portion la of the cyiinderblock 1 . 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to variable dis- 
placement compressors that may preferably be used in 
automotive air conditioning systems and other devices. 



Description of Related Art 

[0002] As one type of known compressors, a variable 
displacement compressor is disclosed in Japanese un- 
examined patent specification No.2000-21 80 and is typ- 
ically used in automotive air conditioning systems. The 
variable displacement compressor changes the com- 
pressor output discharge capacity by changing the pres- 
sure within a crank chamber thai includes a swash plate. 
The swash plate is coupled to a drive shaft and rotates 
together with the drive shaft. The swash plate changes 
the inclination angle with respect to the plane perpen- 
dicular to the axis of the drive shaft. A return spring is 
disposed around the circumference of the drive shaft 
nearthe swash plate. The return spring urges the swash 
plate in the axial direction of the drive shaft and holds 
the swash plate in a set position (e.g., a position slightly 
inclined relative to the plane perpendicular to the axis 
of the drive shaft) while the compressor is not operating. 
The drive shaft includes a ring groove on the axial cir- 
cumference of the drive shaft. A ring-shaped circularcfip 
(fastener) fastened in the ring groove serves as a re- 
ceiving portion for receiving the end of the return spring. 
[0003] In such compressors, a ring groove must be 
formed in order to fasten the circular clip to the drive 
shaft. Moreover, in automated assembly conditions, 
confirmation process is necessary to determine whether 
or not the machinery has accurately inserted the circular 
clip into the ring groove. 

SUMMARY OF THE INVENTION 

[0004] It is, therefore, an object of the present inven- 
tion to provide improved variable displacement com- 
pressors. 

[0005] In one aspect of the present teachings, the var- 
iable displacement compressor includes a return spring 
having a simplified receiving construction. 
[0006] In general, the variable displacement com- 
pressor includes a drive shaft, a support member, a 
swash plate, a piston, a return spring, and a receiving 
portion. The support member supports tho drive shaft. 
The swash plate rotates in synchronism with the drive 
shaft. The piston is disposed within a cylinder bore. The 
rotation of the swash plate is converted into the recipro- 
cation of the piston. The stroke length of the piston and 
the discharge capacity of the compressor changes in ac- 
cordance with the inclination angle of the swash plate. 



The return spring is provided on the circumference of 
the drive shaft between the swash plate and the support 
member. The return spring urges the swash plate. The 
receiving portion receives an end of the return sprinc. 
5 contact with a contact portion of the support member 
between the return spring and the support member. A 
mechanism for fastening the receiving portion that re- 
ceives the return spring is therefore not required. As the 
result, the return spring may have a simplified receiving 
to construction. 

[0007] Preferably the contact portion may be formed 
on the support member itself. Such a configuration does 
not require an additional member with a contact portion 
and allows the contact mechanism of the receiving por- 
*5 tion to be simplified. 

[0008J In another preferred aspect of the present 
teachings, the receiving portion may be fastened to the 
return spring. This allows the return spring and the re- 
ceiving portion to rotate simultaneously together with 
20 the rotation of the swash plate. Localized wearing of the 
receiving portion by the end of the return spring contact- 
ing the receiving portion is thereby prevented. 
[0009] In another aspect, the receiving portion may 
have a ring-like shape. Forming the receiving portion in 
25 a ring-like shape corresponding to the exterior shape of 
the drive shaft allows the receiving portion to be easily 
attached by inserting the drive shaft in the receiving por- 
tion. The pushing action of the return spring allows the 
receiving portion to secure itself in its designated posi- 
30 tion. 

[0010] The receiving portion may beforrned integrally 
with the contact portion of the support member, which 
allows for a reduction in the number of parts needed to 
receive the end of the return spring. 
35 [0011] Preferably the receiving portion is hardened. 
If aluminum is utilized to reduce weight, the support 
member is made of an aluminum alloy. Therefore, when 
the return spring made of hardened steel is received, 
the support member may be damaged. However, by 
*o hardening the receiving portion, the receiving portion by 
the end of the return spring contacting the receiving por- 
tion is prevented from being worn. 
[0012] Additional objects, features and advantages of 
the present invention will be readily understood after 
^ reading the following detailed description together with 
the accompanying drawings and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so [0013] Fig. 1 shows a variable displacement com- 
pressor according to one of the embodiments. 
[0014] Fig. 2 shows an expanded view of tho area in- 
dicated by broken line A shown in Fig. 1 . 

55 DETAILED DESCRIPTION OF THE INVENTION 

[0015] Compressors include, for example, a support 
member that supports a drive shaft. 
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[001 6] A swash plate is provided to rotate in synchro- 
nism with the drive shaft and the rotation of the swash 
plate is converted into reciprocation of a piston within a 
cylinder bore. The stroke length of the piston and the 
compressor output discharge capacity of a fluid (refrig- 5 
erant) change when the inclination angle of the swash 
plate changes. 

[0017] In addition or in the alternative, compressors 
include a return spring that is provided on the circum- 
ference of the drive shaft between the swash plate and 
the support member. Preferably, the return spring urges 
or biases the swash plate. In addition or in the alterna- 
tive, a receiving portion is provided to receive the end 
of the return spring in contact with a contact portion of 
the support member between the return spring and the 
support member. 

[001 8] I n other embodiments, the compressor may in- 
clude means for receiving the end of the return spring 
in contact with a contact portion of the support member 
between the return spring and the support member. In 
other compressors, the contact portion may be formed 
on the support member itself. Moreover, the receiving 
portion may be fastened to the return spring. The receiv- 
ing portion may optionally have a ring-like shape. Fur- 
ther, the receiving portion is integrally formed with the 
contact portion. Preferably, the receiving portion has 
been hardened. 

[001 9] Methods for manufacturing such compressors 
are taught. For example, a return spring is provided to 
urge or bias the swash plate along the axis of the drive 
shaft and on the circumference of the drive shaft be- 
tween the swash plate and the support member. In ad- 
dition, a receiving portion is provided to receive the end 
of the return spring in contact with a contact portion of 
the support member between the return spring and the 
support member. 

[0020] Additional examples of the present teachings 
will be described in greater detail with reference to the 
attached drawings. This detailed description is merely 
intended to teach a person of skill in the art further de- 
tails for practicing preferred aspects of the present 
teachings and is not intended to limit the scope of the 
invention. Only the claims define the scope of the 
claimed invention. Therefore, combinations of features 
and steps disclosed in the above detail description may 
not be necessary to practice the invention in the broad- 
est sense, and are instead taught merely to particularly 
describe some examples of the invention. In addition, 
the present teachings naturally may be combined in 
ways that are not specifically enumerated in order to 
provide additional useful embodiments of the present 
teachings. 

[0021] As detailed examples of the compressors, a 
variable displacement compressor will now be de- 
scribed with reference to Figs. 1 and 2. In this detailed 
embodiment, an explanation will be presented of a com- 
pressor for an automotive air conditioning system that 
draws a refrigerant, compresses the refrigerant to a 



higher pressure, and discharges the high pressure re- 
frigerant. While the present detailed embodiment is 
taught in terms of a refrigerant, naturally the present 
compressors are utilized with other fluids. 
[0022] As shown in Fig. 1 . as one example of the com- 
pressor, a variable displacement compressor 1 0 (here- 
inafter referred to as "compressor") includes a cylinder 
block 1 , a front housing 2 fixed to the front end (on the 
left side of the figure) of the cylinder block 1 , and a rear 
housing 5 fixed via a valve plate 6 to the rear end (on 
the right side of the figure) of the cylinder block 1 . The 
rear housing 5 includes a suction chamber 3 for a refrig- 
erant before compression and a discharge chamber 4 
for the compressed refrigerant. Suction valves 27. dis- 
charge valves 29, and valve retainers 30 are attached 
to the valve plate 6 by a fastener 31 . The valve plate 6 
comprises suction ports 26 that connects the suction 
chamber 3 and cylinder bores 1 4 via the respective suc- 
tion valves 27 and discharge ports 28 thai connects the 
discharge chamber 4 and the cylinder bores 14 via the 
respective discharge valves 29. 

[0023] A drive shaft 8 transmits rotation from a drive 
source to a swash plate 11 and is inserted through the 
cylinder block 1 and the front housing 2. The drive shaft 
8 is rotatably supported within the cylinder block 1, 
which functions as a support member. A thrust race 32 
and a spring member 33 adapted to u rge or bias the rear 
end of the drive shaft 8 forward (toward the side of the 
front housing 2) are disposed in the cylinder block 1 on 
the side of the rear housing 5. The elastic urging force 
of the spring member 33 is received by a thrust bearing 
34 disposed between a rotor 1 2 and the front housing 2. 
[0024] A disk-like swash plate 1 1 is disposed within a 
crank chamber 7 defined in the front housing 2. The 
swash plate 1 1 is coupled to the drive shaft 8 and rotates 
together with the drive shaft 8. The swash plate 11 is 
supported on the drive shaft 8 slidably in the axial direc- 
tion and inciinably with respect to the drive shaft 8. The 
rotor 12 is fastened to the drive shaft 8. The rotor 12 
rotates integrally with the swash plate 11 via a hinge 
mechanism 13 to transmit the rotation of the drive shaft 
8 to the swash plate 11 . The rotor 1 2 allows the swash 
plate 11 to rotate at various inclination angles. 
[0025] Return springs 9 and 1 9 apply pressure to the 
swash plate 11 in the axial direction of the drive shaft 8 
and are located on the circumference of the drive shaft 
8 near Ihe swash plate 11 (on the left and right sides or 
Fig. 1). The ends of the return spring 9 are respectively 
received by the swash plate 11 and the rotor 12. The 
ends of the return spring 19 are received by the swash 
plate 11 and a receiving plate 19a. The receiving plate 
1 9a is supported in contact with the cylinder block 1 . As 
a result of the balance between the return springs 9 and 
19, the swash plate 11 is held in a designated position 
(e.g., a position slightly inclined relative to the plane per- 
pendicular to the axis of the drive shaft 8) when the com- 
pressor 10 is not operating. The receiving plate 19a 
functions as a receiving portion or receiving means as 
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utilized herein. 

[0026] A detailed description of the portion of the com- 
pressor proximal to the return spring 1 9 and the receiv- 
ing plate 1 9a will be provided with reference to Fig. 2. 
As shown in Fig. 2 ? the receiving plate 1 9a has a ring- 5 
like (toric) shape with an insertion hole 19b correspond- 
ing to the exterior shape of the drive shaft 8. The receiv- 
ing plate 1 9a is therefore attached by inserting the drive 
shaft8 into the receiving plate 1 9a. One end of the return 
spring 19 is fastened to the swash plate 11 and the other 10 
end is fastened to the receiving plate 19a inserted into, 
the drive shaft 8. The receiving plate 1 9a is urged in the 
direction away from the swash plate 11 (the direction of 
arrow 40 in Fig. 2). Therefore, the return spring 19 and 
the receiving plate 19a rotate in synchronism with the *5 
swash plate 11 when the swash plate 11 rotates. In this 
case, the receiving plate 1 9a slides in contact with a con- 
tact portion 1a of the cylinder block 1 on the opposite 
side of the swash plale 11 against the return spring 19. 
[0027] A plurality of cylinder bores 1 4 is arranged us- 20 
ing any preferred circumferentially spacing around the 
cylinder block 1 . A piston 15 is slidably disposed within 
each cylinder bore 14. The rear face of each piston 15 
is connected to the swash plate 11 via a pair of shoes 
1 6 to convert the rotation of the swash plate 1 1 into the 25 
reciprocating movement of the piston 15. Therefore, 
when the swash plate 11 rotates together with the rota- 
tion of the drive shaft 8, each piston 15 reciprocates 
within its respective cylinder bore 14 together with the 
rotational movement. The reciprocating pistons 15 30 
cause, for example, the refrigerant to be drawn from the 
suction chamber 3 into the cylinder bore 14 (i.e. a suc- 
tion stroke). Thereafter, a compressed refrigerant is dis- 
charged from the cylinder bore 14 to the discharge 
chamber 4 after compression (i.e. a discharge stroke). 35 
[0028] The output discharge capacity of the compres- 
sor 1 0 is determined according to the stroke length (the 
distance from the upper dead point to the lower dead 
point) of the piston 15. The stroke length of the piston 
15 is determined by the inclination angle of the swash 40 
plate 1 1 with respect to a plane perpendicular to the axis 
of the drive shaft 8. More specifically, the stroke length 
of the pistons 1 5 and discharge capacity of the compres- 
sor 10 increase as the inclination angle of the swash 
plate 1 1 increases. On the other hand, the stroke length 45 
of the pistons 1 5 and discharge capacity of the compres- 
sor 10 decrease as the inclination angle of the swash 
plate 11 decreases. The inclination angle of the swash 
plate 1 1 during operation of the compressor is deter- 
mined by the differential pressure between the inside of so 
the cylinder bores 1 4 and the inside of the crank cham- 
ber 7. The differential pressure can be adjusted, for ox- 
ample, by releasing the compressed high-pressure re- 
frigerant into the crank chamber 7 by means of a capac- 
ity control valve (not shown). 55 
[0029] In the variable displacement compressor 10, 
the receiving plate 1 9a can receive the return spring 1 9 
in contact with the contact portion 1a of the cylinder 



block 1 that supports the drive shaft 8. Thus, it is not 
necessary to fasten the receiving plate 1 9a that receives 
the return spring 19. For example, it is not necessary to 
fasten the receiving plate 1 9a to the drive shaft 8 and 
processing steps to fasten the drive shaft 8 to the re- 
ceiving plate 19a can be eliminated. Therefore, the re- 
ceiving structure of the return spring is simplified by vir- 
tue of the receiving plate 19a. 

[0030] The contact portion 1 a is provided on the cyl- 
inder block 1 in order to simplify the contact construction 
of the receiving plate 19a. Further, the receiving plate 
19a is fastened to the return spring 1 9, so the receiving 
plate 1 9a is prevented as much as possible from being 
locally worn by the end of the return spring 1 9 when the 
return spring 19 has rotated. Moreover, the receiving 
plate 19a is formed as a ring-like (toric) shape corre- 
sponding to the exterior shape of the drive shaft 8 ; so 
the attachment of the receiving plate 19a is simple. 
[0031] Naturally, variety or modifications are made to 
the above described embodiments without departing 
from the spirit of the invention. For example, while a ring- 
shaped (toric) receiving plate 1 9a that contacts the con- 
tact portion 1a of the cylinder block 1 was described 
above, the receiving plato 19a may have a variety of 
shapes, sizes, or other features. 

In addition, various modifications are possible according 
to the mutual shapes in an embodiment in which the re- 
ceiving plate 1 9a contacts the contact portion 1 a of the 
cylinder block 1 . For example, a recess may be formed 
in the contact portion 1a of the cylinder block 1 so that 
the receiving plate 19a fits into the recess. In the alter- 
native, a protrusion corresponding to the size of the re- 
ceiving plate 19a may be formed on the contact portion 
1 a of the cylinder block 1 so that the receiving plate 1 9a 
makes contact with the protrusion. Moreover, the con- 
tact portion need not be present on the cylinder block 1 
itself, and may instead be present on a separate mem- 
ber attached to the cylinder block 1 . 
[0032] In the description of the above embodiments, 
the cylinder block 1 may include a separate receiving 
plate 19a. However, the location corresponding to re- 
ceiving plate 19a is also established integrally on the 
contact portion 1 a of the cylinder block 1 . At such a time, 
hardening the location that receives the end of the return 
spring 19 substantially prevent the wearing of the loca- 
tion corresponding to the receiving plate by the contact 
portion 1 a of the cylinder block 1 . 



Claims 

1 . A variable displacement compressor comprising: 
a drive shaft, 

a support member supporting the drive shaft, 
a swash plate that rotates in synchronism with 
the drive shaft, 

a piston that is disposed within a cylinder bore, 
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wherein the rotation of the swash plate is con- 
verted into the reciprocation of the piston, and 
the stroke length of the piston and the dis- 
charge capacity of the compressor change in 
accordance with the inclination angle of the 
swash plate, 

a return spring provided on the circumference 
of the drive shaft between the swash plate and 
the support member, the return spring urging 
the swash plate, and 

a receiving portion receiving an end of the re- 
turn spring in contact with a contact portion of 
the support member between the return spring 
and the support member. 

2. A variable displacement compressor according to 
claim 1 , wherein the receiving portion is fastened to 
the return spring. 

3. A variable displacement compressor according to 
claims 1 or 2, wherein the receiving portion substan- 
tially has a ring shape. 

4. A variable displacement compressor according to 
any one of claims 1 to 3, wherein the receiving por- 
tion is integrally formed with the contact portion. 

5. A variable displacement compressor according to 
any one of claims 1 to 4, wherein the receiving por- 
tion has been hardened. 

6. A variable displacement compressor having a sup- 
port member that supports a drive shaft, a swash 
plate that rotates in synchronism with the drive 
shaft, a piston that is disposed within a cylinder 
bore, wherein the rotation of the swash plate is con- 
verted into the reciprocation of the piston, and the 
stroke length of the piston and the discharge capac- 
ity of the compressor change in accordance with the 
inclination angle of the swash plate, further com- 
prising: 

a return spring provided on the circumference 
of the drive shaft between the swash plate and 
the support member, the return spring urging 
the swash plate, and 

means for receiving an end of the return spring 
in contact with a contact portion ofthesupport 
member between the return spring and the sup- 
port member. 

7. A variable displacement compressor according to 
any one of claims 1 to 6, wherein the contact portion 
is formed on the support member itself. 

8. A variable displacement compressor according to 
claim 6 or 7, wherein the means for receiving the 
end of the return spring is fastened to the return 



spring. 

9. A variable displacement compressor according to 
any one of claims 6 to 8, wherein the means for re- 

5 ceiving the end of the return spring is formed in a 

ring-like shape. 

10. A variable displacement compressor according to 
any one of claims 6 to 9, wherein the means for re- 

10 ceiving the end of the return spring is integrally 
formed with the contact portion. 

11. A variable displacement compressor according to 
any one of claims 6 to 10, wherein the means for 

15 receiving the end of the return spring has been 
hardened. 

12. A method for manufacturing the variable displace- 
ment compressor according to any one of claims 1 

20 to 11 comprising: 

providing a return spring urging the swash plate 
on the circumference of the drive shaft between 
the swash plate and the support member and 
25 providing a receiving portion that receives the 

end of the return spring in contact with a contact 
portion of the support member between the re- 
turn spring and the support member. 

so 13. A method as in claim 12, further comprising forming 
the contact portion on the support member itself. 

14. A method as in claim 12 or 13, further comprising 
fastening the receiving portion to the return spring. 

35 

15. A method as in any one of claims 12 to 14, further 
comprising forming the receiving portion into a sub- 
stantially ring shape. 

*o 16. A method as in any one of claims 12 to 15, further 
comprising integrally forming the receiving portion 
with the contact portion. 

17. a method as in any one of claims 12 to 16, further 
45 comprising hardening the receiving portion. 
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(54) Variable displacement compressors 

(57) A variable displacement compressor 10 in- 
cludes return springs 9 and 19 that press a swash plate 
11 in the axial direction of a drive shaft 8. One end of 
the return spring 19 is fastened to the swash plate 11, 
and the other end is fastened to a ring-like (toric) receiv- 



ing plate 1 9a through which the drive shaft 8 is inserted. 
When the swash plate 11 rotates, the return spring 19 
and the receiving plate 1 9a rotate in synchronism with 
the swash plate 11, and the receiving plate 19a slides 
in contact with a contact portion la of the cylinder block 
1. 
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